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ABSTRACT 
 
 
 
 
One of the most common natural disasters that hit our country is flood. 
Many lives have perished in this hazardous natural disaster. Early precaution and 
safety measures can be taken if in anyway the people can be warn about the 
incoming flood. Most of those who died in these floods are not aware about the water 
accumulating outside their house and when they finally realize about the situation, it 
is too late for them to do anything. The purpose of this study is to develop a portable 
water alarm detector that can be used at home to detect the level of water outside the 
house. Extensive simulations using software were performed and the solution to the 
flood problem is proposed. Evaluation is based on the needs of the user, the cost of 
production, the portability of the alarm and the types of output that can be used to 
warn the user about the flood. Researches done on the water alarm shows that a 
portable type is more convenient for the users rather than a permanent placed water 
alarm because the users can know about the status of the level of water from 
anywhere inside the house. It was found that basic features for a water alarm such as 
sensors, buzzer alarm and LCD to display the water level with the usage of batteries 
is the best method. This method showed significant improvement in safety, reliability 
and user friendliness of the alarm compared to the other alternative methods. The 
findings suggest that the water alarm should be easy to maintain, easy to use and the 
most importantly can warn the users. 
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ABSTRAK 
 
 
 
 
Salah satu bencana alam yang sering kali melanda negara kita ialah banjir. 
Banyak nyawa dan harta benda yang terkorban dalam bencana alam yang dahsyat ini. 
Langkah-langkah keselamatan dan berjaga-jaga boleh diambil agar para penduduk 
dapat mengetahui keadaan semasa ketika berlakunya banjir. Kebanyakkan daripada 
mereka yang terkorban dalam musibah ini adalah disebabkan oleh ketidaksedaran 
mereka mengenai bencana yang akan melanda ini dan apabila mereka menyedari 
keadaan ini, ianya sudah terlambat. Tujuan kajian ini adalah untuk menghasilkan 
sebuah penggera air mudah alih yang boleh digunakan untuk mengukur ketinggian 
air di luar kawasan rumah semasa berlakunya bamjir. Kajian mendalam 
menggunakan perisian computer telah dilakukan and langkah penyelesaian untuk 
masalah banjir ini telah dicadangkan. Kajian yang dilakukan adalah berdasarkan 
keperluan pengguna, kos penghasilan projek, kemudahalihan projek dan jenis 
penggera yang digunakan untuk memberi amaran kepada pengguna. Kajian yang 
telah dijalankan menunjukkan penggera air mudah alih adalah lebih sesuai untuk 
kegunaan orang ramai berbanding dengan penggera air yang tetap. Keperluan asas 
sebuah penggera air seperti LCD, buzzer dan pengesan air dengan penggunaan bateri 
adalah langkah terbaik dalam penghasilan projek ini. Kaedah ini menunjukkan 
penambahbaikkan dari segi keselamatan and mudah digunakan berbanding dengan 
kaedah lain. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1  LITERATURE REVIEW 
 
 
One of the most frequent natural disasters that hit our country is flood. In the 
most recent flood incident that hit this country, millions worth of properties and 
hundreds of lives are sacrificed. This scenario is a norm when flood happens because 
the people are not aware of the incoming disaster. 
 
 
Some kind of safety measure must be taken to warn the people once the water 
starts to accumulate outside the house. A water alarm can be used to notify the 
people about the danger that’s coming. The water alarm detector is a self-contained 
electronic device that sounds an alarm when its sensor is in contact with water. There 
are two types of water alarm detectors—passive and active. The passive detector uses 
a 9-volt battery 
  
The moisture sensor is placed on the floor and activates the alarm when it 
becomes wet. Damp locations or high temperatures may reduce the life of the battery, 
so the detector should be checked regularly to see if it is working properly. These 
detectors can be purchased at most home improvement stores. 
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However, these alarms are permanently placed at the place where water 
accumulates and the alarm also sounds at the designated place. This type of alarm is 
not so practical because the sound of the alarm may not be heard by the user. Hence, 
a portable type water alarm is more suitable for this purpose.  
 
 
 
 
1.2  DESIGN OBJECTIVE  
 
 
The objective of this project is to develop a portable water alarm detector 
with LCD display output, buzzer alarm and LED indicators for water level. 
 
 
 The aim of the portable water alarm is to sense the accumulating water 
outside the house. At the same time, the alarm will alert the user about the water 
level by using LCD display and LED indicators. A buzzer alarm will sound when the 
water level reaches a critical level determined by the user.  
 
 
 The height of water that will be displayed by the LCD can be change 
accordingly to the user’s need by programming. The LED indicators will light up one 
by one according to the level of the water that is accumulating outside the house. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1: Block Diagram for Wireless Communication on Portable Water Alarm 
Encoder 
Sensors 
Transmitter Receiver Decoder 
PIC16F877A LCD Display 
 
 
LED Indicator  
Buzzer 
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1.3  SCOPE OF PROJECT 
 
 
 The scope of this project is to: 
I. Produce a hardware for signal transmission and signal receiving  
II. To program a microcontroller to control different outputs 
III. To encode and decode data to be send 
IV. To use only a 9V battery as power supply 
 
 
 This project consists of a few modules with sub modules. The following are 
the modules and sub modules throughout the execution of the whole project: 
 
I. Project Research 
a. Types of water alarm in the market 
b. Type of wireless communications (Radio frequency(RF), 
Infrared etc) 
c. Microcontrollers (PIC16F877A) 
d. Encoders and Decoders 
 
II. Circuit Design, Testing & Assembly 
a. Wireless (Radio Frequency (RF)) communication modules 
b. LCD Display using microcontroller PIC16F877A 
c. Water Level Detector Circuit 
d. Alarm Circuit 
e. LED display 
 
III. Software Development 
a. LCD display to indicate water level 
b. Control the time the alarm sound 
c. Controlling the time of the LED emission  
 
IV. Testing and Analysis 
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1.4 THESIS OVERVIEW 
  
 
This thesis is primarily concerned with the understanding and modeling of 
electronic components and programming. All the work done in this project is 
presented in 7 chapters: 
 
 
Chapter 2 outlines the architecture used to implement the system. This 
includes the water alarm’s water sensing methods and the communication protocol. 
This is important because it provides the basis for the implementation of the project. 
The architecture of each subcomponent in the system is described as it is 
implemented in the system. 
 
 
Chapter 3 outlines the methodology used in the implementation of the project. 
This chapter includes the flow of the project development and the flow of the 
programming used in the project. This is one of the most essential part of the project 
as it determines the whether the flow of the project is smooth or otherwise. 
 
 
Chapter 4 provides a description of the water alarm hardware and output 
system used for this project. It briefly describes the physical structure of the water 
alarm.  
 
 
Chapter 5 describes the software that controls for the output of the water 
alarm developed for the project. It describes the software functionality as an 
integrated system. The detailed subroutines program is also included. 
 
 
Chapter 6 covers various testing of each module used and also the integration 
of the whole system. This is important to demonstrate modular development of a 
complex system. 
 
Chapter 7 summarizes the overall project design and it’s future development. 
CHAPTER 2 
 
 
 
 
PROJECT THEORY OF OPERATION 
 
 
 
 
2.1 INTRODUCTION 
 
 
 Design and building a portable water alarm requires high knowledge of a 
portable water sensor taking into account water sensing ability, communication 
protocols, alarm output and others. This chapter discusses elaborately the system 
designs as they have been implemented in the final system design. 
 
 
 
 
2.2  SENSING OF WATER 
 
 
 The sensors used in this project are made of conductors with high 
conductivity. Conductivity is the measure of the ease at which an electric charge or 
heat can pass through a material. A conductor is a material which gives very little 
resistance to the flow of an electric current or thermal energy. Materials are classified 
as metals, semiconductors, and insulators. Metals are the most conductive conductors 
and insulators (ceramics, wood, plastics) the least conductive. 
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Figure 2.1: Conductors and Insulators 
 
 
  The sensor proposed to be used in this project is of the metals and alloys type. 
The sensors are to be made from aluminum or copper. One of the aluminum plates 
will be connected to the power supply at one end and the other aluminum plate will 
be connected to the encoder. When water comes in contact with the aluminum plates, 
electricity will flow through the water and activate the encoder. 
 
 
 
 
2.3 TRANSMISSION & RECEPTION  
 
 
Short for Radio Frequency, RF refers to the frequencies that fall within the 
electromagnetic spectrum associated with radio wave propagation. When  applied to 
an antenna, RF current creates electromagnetic fields that propagate the applied 
signal through space. Any RF field has a wavelength that  is inversely proportional 
to the frequency. This means that the frequency of an RF signal is inversely 
proportional to the wavelength of the field. 
 7 
 
The RF signal is widely use in wireless telecommunication. The wide 
bandwidth of the radio frequency (300kHz-3GHz) makes it easier to detect and the 
frequency range can be easily adjusted without having to worry that the frequency 
tuned is out of range. Comparing to infrared signals, RF can penetrates obstacles 
unlike infrared. The infrared will interrupted when any obstacle comes between the 
transmitter and receiver. Bluetooth is another choice to replace RF for this project 
since Bluetooth, like RF, does not get interrupted by any obstacle that comes 
between the transmitter and receiver. However, the range cover by  Bluetooth signal 
is very limited (around 10m- 15m). 
 
 
Hence, RF is the most ideal for the wireless signal transmission of this project. 
The range that can be covered by the RF is around 100m for AM and 150m for FM. 
Besides that, the RF transmitter and receiver are much cheaper than the other device 
like Bluetooth. 
 
 
 
 
2.4  ALARM OUTPUT 
 
 
 The outputs of this project consist of: 
a. LCD Display 
b. Buzzer 
c. LED Indicators 
 
 
Short for Liquid Crystal Display, LCD has the ability to display not just 
numbers but also letters, words and all manner of symbols, making them a good deal 
more versatile than the familiar 7-segment, light emitting  diode (LED) display. The 
following table shows the standard LCD character table: 
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Table 1.1: Standard LCD Character Table 
 
 
 A buzzer is a device that emits sound when it is connected to the supply. In 
this project, the buzzer is only used when the water level reaches the critical level. At 
the other water level, the buzzer does not emit any sound. 
 
 
 The LED indicators consist of 4 LEDs, each representing a water level. Each 
of the LED will light up indicating the water level represented by the LED. For 
example, LED1 lights up to represent water level 1 and LED1 and 2 light up to 
represent water level 2 and so on. 
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2.5  OVERALL OPERATION 
 
 
 This project as a whole demonstrates the importance of keeping track of the 
water level when the water starts to accumulates. The transmission and reception of 
data from the water alarm to the output alarm requires careful construction so that 
data can be transmitted and received accordingly. 
 
 
 On theory, the water alarm should only operate when water is sensed by the 
water sensors. Then the data is transmitted to the alarm output where it will alert the 
user about the condition.  
 
 
 In detail, the circuit operation begins with the sensing of water by the sensors. 
The sensors are arranged so that they from 4 levels. One side of the sensor is 
connected to the input supply and the other side is connected to the input of the 
encoder. The encoder will in turn encode the 4 bits of data and then transmit it to the 
output alarm. 
 
 
 The received data is then decoded back into 4 bits data again. The decode 
data are inputted into the microcontroller. The microcontroller will scan each of the 
input pins of the microcontroller and when the conditions are fulfilled, the commands 
inside the microcontroller will be executed.  
 
 
 For example, when the input of the microcontroller is 0001, the LCD will 
display the word “The Water Level is 0.1m” and LED 1 will light up and so on. 
When the input reaches 1111, the LCD will display “Danger! Critical Water Level”, 
all 4 LEDs will light up and the buzzer will sound. These different inputs will 
produce different output to the alarm and LCD display. 
 
CHAPTER 3 
 
 
 
 
METHODOLOGY 
 
 
 
 
3.1 INTRODUCTION 
 
 
 This chapter will cover the process involved in the development of the 
portable water alarm detector. The process involved in the development of the 
project is very important so that the process is smooth without any difficulties. The 
processes involved are under constant changes due to unexpected changes or 
complications. Flow of the development of the project is divided into 2 that are the 
hardware and software. The hardware part is divided into 2 parts that are the water 
sensor part and the output alarm part.  
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3.2 FLOW CHART FOR PROJECT DEVELOPMENT 
 
 
 
 
 
Get Title 
Literature 
Review 
Circuit Design 
Software 
Simulation 
Yes 
Success 
Hardware 
Development 
No 
Software 
Development 
Testing Testing 
Success Success 
No No 
Demonstration 
& 
Report 
Figure 3.1: Flow Chart for Project Development 
Yes 
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 The project begins with literature reviews of the project. The literature 
reviews will investigate and comment about the current water alarm detector in the 
market. The literature reviews will help to produce a project that is not yet available 
in the market. After the literature review, the project will continue with the circuit 
design of the water alarm. With the information gotten from the  literature review, 
the circuit can be design from various parts of projects done. The combinations of all 
these circuitry from the literature review, a new circuit can be produced. 
 
 
 A circuit simulation using software is done after the circuit design to ensure 
that the circuit can work according to the required specifications. It is also to ensure 
that the current and voltage in the circuit is not to large so that it will not spoil the 
circuit. If the simulation is successful, the project continues with hardware and 
software development. If not the circuit simulation is continued until it is successful. 
 
 
  After the hardware is built and the program is written, the hardware and 
program undergoes testing. If the testing is successful, the project is demonstrated to 
the panel. However, if the testing fails, the hardware built and the program written 
will be re-tested again until it is successful. 
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3.3  FLOW CHART FOR HARDWARE DEVELOPMENT 
 
 
 
 
 
 
 
Figure 3.2: Flow Chart for Water Sensor Operation 
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Figure 3.3: Flow Chart for Output Alarm Development 
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 The hardware development starts with the development of the water sensor 
part. Once water is sensed, the data is encoded and then transmitted to the output 
alarm circuit. The received data in turn is decoded and transmitted into the PORT C 
of the microcontroller.  
 
 
 The decoded data will then run the command in the microcontroller. Then the 
command will activate the LCD, LED and the buzzer if necessary. The process 
continues until the system is reset by the user. 
 
 
 
 
3.4 FLOW CHART FOR SOFTWARE DEVELOPMENT 
 
 
 
Open  
PBasic Pro 
Produce 
.psp File 
Assemble 
& 
Compile 
Using 
PICBASIC PRO 
COMPILER 
Success? 
Program 
Microcontroller 
NO 
YES
Figure 3.4: Programming Flowchart 
 16 
 The projects programming can be written using 2 methods that are using 
assembly language or high level language. However, for this project, high level 
language is used. The high level language will be written using a software called 
PBasic Pro which is used to program PIC. The first step to using the software is to 
write a program using PBasic Pro. Then save the written program to produce a .psp 
file. Assemble and compile the .psp file to make sure that there is no error in the file. 
If there is no error in the program, then the program can be transferred into the 
microcontroller. However, if there are errors, the program is to be re-written again. 
 
 
 
 
3.5 SUMMARY 
 
 
 The methodologies used in this process are essential so that no important 
steps are skipped. Skipping any of these processes may cause failure to the outcome 
of the project. The steps are done is to helped us troubleshoot the hardware and 
software if any complications should arise. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER 4 
 
 
 
 
SYSTEM HARDWARE DESIGN 
 
 
 
 
4.1  INTRODUCTION 
 
 
 This chapter will cover the main component of the thesis that is the hardware 
of the portable water alarm detector. This includes the system’s hardware 
development and explanations on the sub-modules involved in producing the project. 
Each sub-module will discuss how the sub-modules operate and the integration of 
these sub-modules to complete the whole project. It briefly describes the physical 
structure of the water alarm. The portable water alarm detector is a complex device 
to produce but with proper understanding of the internal structure of the hardware, 
we can make the task easier to accomplish. Each of these sub-modules is essential to 
the project and the success of each sub-modules are vital to the completion of the 
project. 
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4.2 PIC16F877A 
 
 
 A PIC16F877A would be able to do various task. The PIC16F877A has 5 
ports that can be configured to either an input or output port. Some of the pins have 
more than 1 function and these functions can be activated with special commands. 
The PIC16F877A microcontroller features include: 
 
 
• 10-bit, up to 8-channel Analog-to-Digital Converter (A/D) 
• Brown-out Reset (BOR) 
• Analog Comparator module with: 
- Two analog comparators 
- Programmable on-chip voltage reference (VREF) module 
- Programmable input multiplexing from device inputs and internal voltage   
   references 
- Comparator outputs are externally accessible 
•  Programmable code protection 
•  Power saving Sleep mode 
•  Selectable oscillator options 
•  In-Circuit Debug (ICD) via two pins 
• 100,000 erase/write cycle Enhanced Flash program memory typical 
• 1,000,000 erase/write cycle Data EEPROM memory typical 
• Data EEPROM Retention > 40 years 
• Self-reprogrammable under software control 
• In-Circuit Serial Programming™ (ICSP™) via two pins 
• Single-supply 5V In-Circuit Serial Programming 
• Watchdog Timer (WDT) with its own on-chip RC oscillator for reliable 
operation 
•  Programmable code protection 
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 Figure 4.1 illustrate the architecture of the PIC16F877A port functionality. 
 
 
 
 
 
 
 
 
Figure 4.1: Block Diagram of PIC16F877A 
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4.2.1 OPERATION 
 
 
There are three memory blocks in each of the PIC16F87XA devices. The 
program memory and data memory have separate buses so that concurrent access can 
occur The PIC16F87XA devices have a 13-bit program counter capable of 
addressing an 8K word x 14 bit program memory space. The PIC16F876A/877A 
devices have 8K words x 14 bits of Flash program memory, while 
PIC16F873A/874A devices have 4K words x 14 bits. Accessing a location above the 
physically implemented address will cause a wraparound. The Reset vector is at 
0000h and the interrupt vector is at 0004h. 
 
 
The data memory is partitioned into multiple banks which contain the 
General Purpose Registers and the Special Function Registers. Bits RP1 (Status<6>) 
and RP0 (Status<5>) are the bank select bits. Each bank extends up to 7Fh (128 
bytes). The lower locations of each bank are reserved for the Special Function 
Registers. Above the Special Function Registers are General Purpose Registers, 
implemented as static RAM. All implemented banks contain Special Function 
Registers. Some frequently used Special Function Registers from one bank may be 
mirrored in another bank for code reduction and quicker access. 
 
 
The Special Function Registers are registers used by the CPU and peripheral 
modules for controlling the desired operation of the device. These registers are 
implemented as static RAM. The Special Function Registers can be classified into 
two sets: core (CPU) and peripheral. 
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4.2.2 PIC16F877A PIN ASSIGNMENTS  
 
 
The water portable water alarm detector has three main functions. One of 
these functions is to display the water level that starts to accumulate outside the 
house. The other functions are the LED indicators and buzzer alarm. For each of the 
specific function, specific ports are assigned to suit the requirements. Table 4.1(a) & 
4.1(b) describes in detail the PIC16F877A pin assignments for every function of the 
water alarm. 
 
 
 
Function Pin 
Assignment 
I/O 
Water Level 1 PORTA.1 Output 
Water Level 2 PORTB.1 Output 
Water Level 3 PORTB.3 Output 
 
 
LED INDICATOR 
Water Level 4 PORTB.4 Output 
Input Data 1 PORTC.0 Input 
Input Data 2 PORTC.1 Input 
Input Data 3 PORTC.2 Input 
 
DATA INPUT 
FROM DECODER 
Input Data 4 PORTC.3 Input 
BUZZER Buzzer Output PORTB.4 Output 
 
 
Table 4.1(a): PIC16F877A Pin Assignments 
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R/S Select PORTB.7 Output 
Enable  PORTB.5 Output 
R/W  PORTB.6 Output 
Data 1 In PORTD.0 Output 
Data 2 In PORTD.1 Output 
Data 3 In PORTD.2 Output 
Data 4 In PORTD.3 Output 
Data 5 In PORTD.4 Output 
Data 6 In PORTD.5 Output 
Data 7 In PORTD.6 Output 
 
 
 
 
 
 
 
LCD 
 
 
Data 8 In PORTD.7 Output 
 
Table 4.1(b): PIC16F877A Pin Assignments (Continuation)  
 
 
As can be seen from the table, all the I/O ports of the PIC16F877A are 
utilized. This shows that the PIC16F877A has served well the requirements to build a 
portable water alarm detector with the ability to sense water, display the level of 
water, warned the user and the wireless communication. The schematics and 
hardware design for each function of the portable water alarm will be depicted in the 
following sub-topics. 
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4.3  FM WIRELESS SYSTEM MODULES 
 
 
 This module consists of four different components. They are the encoder, 
decoder, transmitter and receiver modules. Each one is placed on the water sensor 
and the output alarm as shown in Figure 4.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.2: FM Wireless as Communication Medium 
 
 
In order to transmit data to a specific receiver, both the encoder and decoder 
must have the same address. Both the transmitter and receiver must also be of the 
same frequency in order to transmit the data. This is done by implementing a half-
duplex transmission since carrier of both sets is operating at the frequency of 
433MHz. Following are the description of each component for this project. 
 
 
 
 
 
 
 
 
 
 
 
Tx & 
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Tx & 
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Output 
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4.3.1  ENCODER 
 
 
 The encoder implemented in this project is the HT12E from HOLTEK. This 
encoder has 8-bit address and 4-bit data pins. The encoder is used to send 4-bit data 
along with address bits appended to it in order to define which receiver would 
receive the data.  
 
 
This encoder is chosen due to its ability to encode 12-bit data. The preset 
address and current data will be encoded and sent together once the transmit enable 
pin is triggered low. 
 
 
Other features include: 
 
• Operating voltage 
• 2.4V~5V for the HT12A 
• 2.4V~12V for the HT12E 
• Low power and high noise immunity CMOS technology 
• Low standby current: 0.1A (typical) at VDD=5V 
• HT12A with a 38kHz carrier for infrared transmission medium 
 
 
 In addition, the input pins for addressing and data can be externally set to 
VSS (logic LOW) or left open (logic HIGH). Then encoder begins a 4-word 
transmission cycle upon receipt of a transmission enable. This cycle repeats as long 
as the transmission enable is held LOW. Once the TE  returns high, the encoder 
output completes its final cycle and then stops as shown in Figure 4.3 below. 
 
 
 
